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Historical the behavior of many taxonomic groups of organisms has been 
treated as invariant. That individual differences were present was realized, but 
these variations were often dismissed as insignificant deviations from the behavior 
norm) characteristic of the particular organism. Reeent research, such as that of 
Hirsch (1959), Lewontin (1959), Erlenmeyer-Kimling and Hirsch (1961) and 
others, has demonstrated the inadequacy of this viewpoint. A more complete under- 
standing of the behaving organism requires knowledge of individual differences in 
the population, 

Drosophila melanogaster was the organism chosen by earlier workers for investi- 
gation of individual differences and analysis of the genetie contribution to observed 
behavior Ες οι ασ ο readiy available has a short generation time. andis 
quite amenable to genctie analyses. Furthermore, strong veo- and phototaxes can 
be readily elicited tor behavioral and σομεῖε analysis. “Plhrsch and Tyron (1956) 
deseribed a reliable teehnique for assessing the geotactic response of large numbers 
of individuals of Drosophila melanogaster. Flirsch and Boudreau (1955). later 
applied this technique in studying the heritability of phototaxis in Drosophila 
melanogaster. In this experiment a population of Drosophila melanogaster was 
screened by exposing each individual to a light-dark choice as it passed through a 
πο ασια ος was tested ten fines, selection pressure was applied Omer 
29 generations through assortative mating to produce strains varying greatly in 
their characteristic degree of positive phototants. 

In the present paper a Y-maze for the study of phototaxis in Drosophila is 
described, with which laree numbers οἱ {163 cai Be scored with high rehalrhty. 
Animals passing through this apparatus make 15 successive light/dark choices, and 
their point of emergenee is a measure of the strength of their phototactie response. 
In addition, two selection experiments are described, and their impleations for 
the problem of phototaxis in Drosophila melanogaster and of the analysis of behavior 
ΠῚ Drosophila 1η general are discussed. 
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. Ip paratits 


In 1959 Tirsch described a “multiple unit classification maze” for the mass 
screening of Drosophila melanogaster for geotaxis. | have constructed and used for 
two years analogous mazes for the study of phototaxis in Drosophila melanogaster. 
The photomaze consists of 15 consecutive Y-anits. A population of 200 females 
and 200 males is introduced into the stem of the first Y, and in passing through 
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the maze each individual makes 15 consecutive light/dark choices. The animals 
emerge in 16 collecting tubes, cach containing a plug of culture medium. The 
collecting tube into which a fly emerges establishes how many light or dark choices 
it has made in passing through the maze. A “VPlexiglas’ cone (!lirsch, 1959) 
is inserted in each arm of a Y-unit to minimize re-tracing. A maze of .V units has 
WON tal /2 Y-units, Λε ΔΑ 1) cones and (N 1) collecting tubes: 

The structural unit of the maze is a black nylon (rubber in the case of Maze I) 
hexagon, ?” on a side and y; in thickness. These are glued, sides parallel, onto a 
sheet of black “Plexiglas” so as to create alleys To wide and form a pattern of Y- 
units (Fig. 1). The cones are glued into position in the arms of each Y 
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Figure 1. Diagramatic representation of the hexagonal structural unit of the photomazes. 
Alleys are formed by glueing black nylon hexagons onto a sheet of lucite. Lucite cones are 
inserted in each arm of a Y as shown, 


“Plexi@ias scone impeach “dank απ πό a clear coneamieach heht arin. μα ο 
of 1” “Plexiglas” is fastened over the hexagons by screws, forming a roof over 
theren Uheslieet 1s paimted! lick except over the 5" Πο cich ο ος 
maze is screwed to a blackened sheet of plywood for support, and a circular fluores- 
cent lighting fixture, 12” in diameter, is suspended 26” above the horizontal surface. 
Caution must be exercised in painting and glueing so as not to create a bias of odor 
or surface texture to compete with the light source as the differential stimulus. 
For additional information see Hirsch (1959). 

Through qualitative observation it appears that mechanical stimulation, rearing 
conditions, age, temperature and humidity, hght, and the effects of gravity must be 
maintained constant. To control mechanical stimulation while introducing the 
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animals into the apparatus, a sliding door blocks immediate access to the maze 
when the starting tube containing the flies is first attached. After sufficient time for 
the effects of mechanical stimulation, which accompany transfer to the maze, to 
abate (usually 30 minutes), the door to the maze is opened carefully to avoid 
agitation. 

Two mazes have been constructed in this design. and separate selection experi- 
ments are being done with each maze. To increase the differences between the 
mazes, a double circular fluorescent fixture illuminates the surface of Maze IT at 
about 300 apparent foot candles. Over Maze I, a single bulb fixture is suspended. 
In both mazes the animals are scored 0-15, corresponding to the numbers of the 
collecting tubes. Tube 0 receives those subjects which have made 15 consecutive 
light choices, 1.e., from whom the extreme measurable photopositive response has 
been elicited. Similarly, Tube 15 receives the most photonegative flies. 


Subjects and procedure 


The selection experiments described in this paper involved over 20,000 flies. 
The foundation population from which both dark and both hght strains were derived 
was established in a population cage from equal numbers of Formosa, Capetown 
and Syosset strains of Drosophila melanogaster provided through the generosity of 
Prof. Th. Dobzhansky. Flies from this wild type population were passed through 
the maze, and selection was begun by mating 60 females and 60 males from the 
photopositive end of the distribution. Similar matings were done with flies at the 
photonegative end of the distribution. By this procedure photopositive and photo- 
negative strains were established for each maze. In succeeding generations the 
extreme 60 males and 60 females from each strain were mated. Maze trials were 
24 hours in duration, each beginning at approximately 6 PM to control for diurnal 
rhythms in behavior. The age of the 200 males and 200 females (run simultane- 
ously) at the time of testing did not exceed 96 hours. Cultures were maintained 
at room temperature and humidity. The culture medium used in the Yale Labora- 
tories is prepared with the following ratio of ingredients: 56.5 ος. H,O/0.5 σ. agar/ 
6 ος. molasses/4.9 ος. cornmeal/0.7 g. brewers yeast/0.75 ος. 10% tegosept solution. 


RESULTS 


For fifteen generations selection pressure has been applied to produce highly 
photopositive (“light”) and photonegative (darik) strains. The results οἱ 
these trials are given in Table I. Figure 2 shows the phototactic response of each 
strain as a function of generation number. 

Included in Table I are the results of 9 wild type control populations tested 
with Maze I and 9 tested with Maze II. Presented are the averages of the means of 
these trials, averages of the variances and their respective standard errors. The 
nunber of flies in each trial was approximately constant. Note that because of a 
difference in stimulus environment, the flies of Maze II were characteristically 
more photonegative than those of Maze 1. Even more interesting is the fact that 
the variances of the female populations tested in the two mazes are significantly 
different. However, when a single population was subjected to two consecutive 
trials in the same maze, the differences in variances were not significant (Table TI). 
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Tage wl 


Rerun dala on wild type populations 








nı n? Γ Prtt >it] 

ΙΙ Ὁ 159 | 151 1.00 0.871 
σ 164 2 ου 0.997 

AUT E 190 171 1.02 0.997 

oe 180 | 180 bes 0.936 

D Eo Q 187 35 1.08 0.887 
ο 165 2 1.38 0.781 

MII 9 209 η 1.24 0.997 

σι 22A | 43 1.19 0.875 





A--rerun of entire population. 

B—rerun of modal collecting tube population, 
nı degrees of freedom of greater mean square. 
nə—degrees of freedom of lesser mean square. 
N.B. all F values accept at the 5° q level. 


Tins suggests that Maze I} elicits a greater variation in behavior in females than 
does Maze | and that this variation is purely a function of a genotype-environment 
interaction. After 15 generations of selection, however, neither the means nor 
the variances in the female population in Maze [ were significantly different from 
those in Maze 1], Thus, selection has effected a change in the genetic constitutions 
of the Maze I and Maze TI populations so that the two mazes no longer represent 
significantly different stimulus environments. A difference in the variances οἱ 
the flies tested in Maze I and Maze IT was not observed in the male populations. 

When the variance of the selected population approaches the standard error 
of the variance of the wild type population, selection will reach a limit. Thus the 
variances of the selected populations will approach the following asymptotes: \laze 
ΙΙ πας πι; Maze hichtastram: male 0.99 Milaze 1 Light tin 
female 1.53, πηρα I] Light Strain male 051. and 15 minus these values. for the 
corresponding dark lines. Until these asvmptotes are closely approached no reliable 
estimate of heritability can be made. 

From Figure 2 it is obvious that response to selection was immediate and quite 
strong. The variances of the later selected generations are highly significantly 
different from those of the unselected foundation populations. This is experimental 
evidence for the change in the genetic constitution of the population effected by 
Sclectionmim ihe Ιάσονα ος tian compe ο πε ο 
selected and unselected populations, mformation as to the strength of selection can 


FIGURE 2. Selection in Maze I and Maze 1] over 15 generations. The mean of the 
distribution of each sex of each strain is plotted as a function of generation of selection. The 
units of “photoscore” correspond to the numbers of the collecting tubes where the flies leave 
the maze. Flies emerging into Tube 0 have completed 15 consecutive light choices; into Tube 1, 
l4 light choices and one dark choice. Therefore, flies emerging into Tube 15 have completed 15 
consecutive dark choices. Open circles represent females; closed circles, males. 
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ES ας Sex Strain | οι ο Ναὶ πι Hypothesis 
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1.52 0.131 189 7.90 
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7 Loc We οσο ] 199 03 
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Gis τ 11]. | 1.95 0.052 ᾗὶ [04 | 0 
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7 ΤΊ 0.089... 168 0 
Z2 0O46 | 108 8.707 
> WG Dk --1.11 0.270 | 203 | 15.00 
| | ONG 0.031 203 | 7.90 
7 = |08 0.284 171 | 19.00 
1.88 0.062 {71 | 8.70 
ν Mali 1.05 0.100 214 | 0 
ος 0.000 AR 10.00* 
7 1.64 0.102 196 0 
=) oF 0.004 196 10.50* 
Milk -1Π| 0.161 201 15.00 
6.68 0. 199 201 10.00 
me 0.158 190 15.00 
0.72 0.475 190 10.50 
N.B. “d” is number ol degrees of freedom, Ae, number of individuals in population— 1. 
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be obtained by comparing the means of the selected population with model popula- 
tions bearing either a mean of 0, 15, or the mean characteristic of the wild type 
population for a particular maze and sex (from Table ΓΤ). Vhe results of these { 
tests for the later generations of selection are presented in Table III. In the 
G15 populations the following lines have diverged significantly from the appropriate 
wild type mean and are not significantly different from the appropriate extreme 
mean : 


ΜΞ Went πο αμα females 
Maze 1, “dark females 
Maze II, “light” males and females 


The response to selection was apparently less strong for the dark lines than for 
the light lines. This can be accounted for in part by the fact that the wild type 
means, especially for Maze II, were in the photonegative half of the photoscoring 
range, Ee 7.9. There was therefore less room for screening and selection to 
operate in the dark side of the photomazes. 


DISCUSSION 


“Taxis” is defined as “locomotory movement of an organism .. ., in response 
to a directional stimulus, the direction of movement being oriented in relation to 
the stimulus” (Abercrombie οἱ al, 1962). The crucial word is “oriented.” 

Three different experimental designs have been utilized in studying phototaxis 
in Drosophila melanogaster: (1) The rate at which flies approach a light source at 
ΠΠ αι endear astube is measured (Carpenter, 90s. Payne, 911: McEwen 19s: 
Scott, 1937, 1943). (2) The distribution of flies in a field with a directed light 
source is recorded after a specified period (Carpenter, 1905; Lutz and Grisewood, 
"ΤΟΙ ed. 1937 -soaricozzi and Tonissi, πο Dupmvachter, 1957; 
Wolken οἱ αἰ., 1957). (3) The flies pass through a Y-tube and the number of 
animals entering each ari is determined (brown and Hall, 1930 Fineerman. 
1952; Hirsch and Boudreau, 1958). Although the term phototaxis has been used 
in describing all three of these experimental designs, it is quite obvious these 
procedures do not measure the same response. The first method confounds photo- 
taxis with photokinesis. That there is a difference between methods (2) and (3) 
may he less obvious, but it is nevertheless quite real. For example, AicHwen 
(1918) by measuring the spatial distribution in response to directed light source 
found the tan mutant of Drosophila melanogaster to be “negatively photo- 
tactic.” When screened through my photomazes, a population of tan mutant has 
a mean performance characteristically more photopositive than that of wild type. 
However, it must be kept in mind that it is likel that both culture conditions and, 
even more important, the genetic backgrounds of the mutant stocks differed between 
the present work and McEwens. These factors could greatly influence the ob- 
served behavior. These remarks indicate one of the major difficulties in comparing 
results from different laboratories—confusion as to what kind of experimental 
apparatus is needed to measure phototaxis. 

In addition to experimental design there are other factors which make difficult 
direct comparisons of published data. .\ review of the literature, coupled with per- 
sonal observations, indicates some fourteen environmental or experimental variables 
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that will allect. Yo some degree, the phototaetie response of Drosophila: genetic 
background of the tested population, temperature during the test, time of day of 
the test, time since anaesthetic, rearing conditions, mechanical stimulation (Lewon 
tin. 1959), time since feeding, energy and wave-length of hght (οἱ. Goldsmith, 
}O61). state of dark adaptation, number of observations or trials per mdividual 
ı Durrwachter, 1957), age (Durrwachter, 1957) and sex. “A phototactie response 
is therefore a property of a particular stimulus environment, broadly defined. Only 
responses obtained in like environments can be compared. 

Minally, phototaxis is a population concept. As shown by -Fhirseh (1958) and 
confirmed and extended in the present work, part of the variation ΤΙ response 
observed with a population of flies is genetic in origin. Work is presently underway 
to elucidate both the physiological and genetie differences between the photo- 
positive and photonegative strains. 


The author gratefully acknowledges Ins indebtedness to Profs. D. F. Poulson, 
J. tlirsch and T. ΗΠ. Goldsmith for valuable consultation and for providing laboras 
tory space and facilities. The invalnable assistance of Steyen@ Weller in coniputer 
analysis and statistical analysis is gratefully acknowledged. This work was sup- 
ported by National Science Foundation Undergraduate Research Participation 
Awards administered through Yale University. 


SUMMARY 


1. The design and construetion of two multiple Y-umit mazes are described. 
which will permit the assessment of the mean and variance of phototactic behavior 
m Drosophila populations. 

2. Using maze performances as criteria, selection pressure has heen apphed for 
15 generations. By this procedure highly photopositive and photonegative strains 
have been produced The strength and limits of selection in the different mazes 
are established. 

3. By an analysis of the behavior of the selected and mnselected strains, the 
interaction of the environmental and genetic influences on phototactie behavior im 
Drosophila melanogaster is demonstrated. 

+. The necessity of recognizing individual differences in populations of experi- 
mental animals and the importance of a controlled environment in the study of 
phototanxis are disenssed, with particular reference to Drosophila. 


DRS ae le CITED 


AperckomBir, J. B.C. Wieck aan ann M. Jonsons, 1967, A Dictionary of Biology: .\Idine 
Pub. (ο, Chicago. 

Baricozzy, ©. AND G. ‘Voxrss1, 1946. Ricerche preliminari sul fototropismo del mutanti di 
Drosophila melanonaster Meig. Commentationes, Pontificia .feademia Sctentarum, 
10: 431 459. 

Brown, PLAY Jr. anp Bo OV. Tait, 1936. The directive influence of light upon Drosophila 
melanogaster Meig and some of its eye mutants. J. τρ. Zool, 74: 205-220. 


ο κ ντε, ον 1905. Reactions of the pomace Ην to light, gravity, and mechanical stimulation. 
inter aval. 38: 155517]. 


GENETIC INFECENCE ον ών αν Zs 


Dtrrwacirer, G., 1957. Unterschungen über Phototaxis und Geotaxis einiger Drosophila 
Mutanten nach Aufzucht in verschiedenen Lichtbedingungen. Zeitschr. Tierpsychologic, 
14: 1-28. 

ERLENMEYER-NIMLING, L., ANd J. llirscu, 1961. Measurement of the relations between 
chromosomes and behavior. Science, 134: 1068-1069. 

Farnon, ].ς., Μ΄. J. Carroty AND W. A. SULLIVAN, 1937. Reflection spectra of eye pigment im 
Drosophila melanogaster and its mutants. Stud. Instit. Div. Thomae, 1: 197-206. 

PINGERMAN, M. J., 1952. The role of the eye-piginents of Drosphila melanogaster in photic 
örientation J ο Zooi, 1207131-164. 

(τοι ΓΕ λΙτ, T. H., 1961. The color vision of insects. Jn: Light and Lite, WR D. McElroy and 
B. Glass, eds., The Johns Hopkins Press, Baltimore, pp. 771-794. 

Εικ, J., 1959. Studies in experimental behavior genetics: Π. Individual differences im 
geotaxis as a function of chromosome variations in synthesized Drosphila populations. 
J. Comp. Physiol. Psychol., 52: 304-308. 

Mirsi ].. AND J. C. Boupreau, 1958. Studies in experimental behavior genetics: 1. The 
heritability of phototaxis in a population of Drosphila melanogaster. J. Comp. 
Physiol. Psychol., 51: 647-651. 

tHlirscH, J, anD R. C. Tryon, 1956. Mass screening and reliable individual measurement in 
the experimental behavior genetics of lower organisms. Psychol. Bull., 53: 402-410. 

LewonTix, R. C., 1959. On the anomalous response of Drosophila pseudoobscura to light. 
tmer. Nat., 93: 321-328. 

Lutz, F. E., ano E. N. Grisewoon, 1934. Reactions of Drosophila to 2537 A radiation. .dmer. 
Mma Νους 706: 1-7. 

McEwen, R. 5., 1018, The reactions to hght and to gravity in Drosophila and its mutants. 
T Exp, Zool 2519-106. 

Payne, F., 191], Drosophila ampelophila Loew bred in the dark for 69 generations. Biol 
Bull., 21: 297-301, 

Scott, |. P., 1937, Inherited behavior in Drosophila. Proc. fudiana Acad. Sev, 46: 211-216. 

Scott, J. P., 1943. Effects of single genes on the behavior of Drosophila. diner. Nat., 77: 
184-190. 

τυ: |... πεητχο; Contis,.1957. Photoreceptar=strictures, ΗΠ: ΠΡ 


- 


melanogaster. J. Exp. Zvol, 134: 383-410. 





